Results Seventy percent of the study population presented with localized disease. High-risk disease presentation accounted for 64.4% of these patients. Only 57.6% of patients with localized disease received curative radiotherapy. The 5-year overall survival for the curative cohort was 96% (interquartile range, 93% to 98%). The 5-year bDFS rates for low-, intermediate-, and highrisk groups were 95%, 70%, and 48%, respectively. Both Gleason score and pretreatment prostatespecific antigen were significant predictors for bDFS in multivariable analysis.
INTRODUCTION
Prostate cancer (PCa) is the second most commonly diagnosed cancer and the fifth leading cause of cancer-related mortality in men worldwide. 1 The incidence of PCa is highest in Australia, New Zealand, North America, and western and northern Europe likely because of the widespread use of prostate-specific antigen (PSA) screening and subsequent biopsies in these regions. PCa has been reported as the most commonly diagnosed cancer among men in West Africa and is near uniformly lethal, albeit at a lower incidence compared with western populations. 1 However, more-recent population-based epidemiologic and prevalence studies have suggested that PCa is largely under-reported in Africa because of a lack of screening and robust cancer registries and may have incidence rates comparable to western populations. [2] [3] [4] Consistent with this finding, men of African descent from regions with more-reliable registry data are reported to have higher incidence and mortality rates. 5 The relatively high mortality rate among African men has been attributed to a number of factors, including poverty, inadequate health care systems and budgets, and genetic differences. 6 Currently, data on PCa from African countries, including Ghana, with regard to risk factors, presentation, treatment, and outcomes are lacking. This article attempts to increase our understanding of the burden of PCa, stage at presentation, and clinical outcomes by focusing on patients who present to the National Center for Radiotherapy and Nuclear Medicine (NCRNM) of the Korle Bu Teaching Hospital (KBTH) in Accra, the largest tertiary referral center in Ghana.
METHODS

Patient Selection
Charts of all patients with PCa referred to the NCRNM from January 2003 to December 2016 (14 years) were reviewed upon receipt of institutional review board approval from KBTH. A total of 1,074 patients had medical records available for review and were included in the study (Fig  1) . Seven hundred sixty-six patients (71.3%) in the study cohort presented with localized disease after initial clinical and metastatic work-up, which included bone scans. These patients, including eight referred postoperatively, were eligible for curative radiation therapy. Curative radiation consisted of brachytherapy, external beam radiation therapy (EBRT), or a combination of both modalities. Androgen deprivation therapy (ADT) was offered with radiation treatment on the basis of patient PCa risk profile per National Comprehensive Cancer Network (NCCN) guidelines (Fig 2) . Follow-up information, including post-treatment PSA levels, for patients who received radiation of at least 60 Gy and had histologic confirmation of adenocarcinoma of the prostate, a documented tumor stage, and a Gleason score (GS) was reviewed. Of the 766 patients eligible for curative treatment, only 430 received radiation therapy with curative intent. Three of these patients were postoperative referrals. After curative treatment, 386 patients (89.8%) had follow-up information available in their medical records (referred to as the biochemical diseasefree survival [bDFS] cohort). Patients with metastatic disease or who did not receive curative radiation treatment were excluded from the bDFS cohort. Qualifying bDFS events were death as a result of any cause or biochemical recurrence and were defined from treatment completion. Patients who did not have an event were censored at the end of the follow-up period. All patients were staged according to the American Joint Committee on Cancer staging system, sixth or seventh edition, depending on the era of their treatment. 7, 8 Patients with localized disease were stratified into low-, intermediate-, and high-risk groups per NCCN guidelines (version 2, 2014). 
Treatment Details
EBRT. Treatment details were previously described by Yamoah et al. 10 Briefly, all EBRT was delivered with a cobalt-60 teletherapy unit (Co-60).
A four-field box technique guided by computed tomography scans was used with two parallelopposed anterior-posterior beams and two parallelopposed lateral beams with custom blocking for patients treated before 2008. The mid-pubic arch, 2 cm lateral to the pelvic inlet, mid-S2 to S3 intervertebral space, lower sacro-iliac joint, and 1 cm superior to the ischial tuberosity served as anterior, lateral, posterior, superior, and inferior borders of the treatment field, respectively (Fig 3A) . Prescribed doses ranged from 68 to 70 Gy in 34 to 35 daily fractions of 2 Gy each over 7 weeks. In 2008, three-dimensional conformal radiation treatment planning became available and was used to deliver a total prescribed planning target volume dose of 74 Gy in 37 daily fractions (1.8 to 2 Gy per fraction) over 7.5 weeks. The clinical target volume comprised the prostate with or without the entire seminal vesicles on the basis of the risk profile. Threedimensional conformal radiation treatment plans were generated with Prowess Panther Treatment Planning System version 4.6 software (Radiology Oncology Systems, San Diego, CA; Fig 3B) . Multiple fields (four to six), wedges, and customized cerrobend blocks were used to optimize dose distribution to the planning target volume and to meet constraints for organs at risk using quantitative analysis of normal tissue effects in the clinic for the bladder, small bowel, rectum, and femoral heads. 11 All treatment plans were approved at weekly quality assurance meetings, and portal images were taken on the Co-60 before treatment start and weekly to ensure appropriate patient set-up to plan.
Low-dose-rate brachytherapy. Real-time transrectal ultrasound-based planning with 125 I implant sources (Bard Medical Division, Covington, GA) was used for low-dose-rate (LDR) brachytherapy to the prostate. 12 Low-risk and favorable intermediaterisk patients were prescribed 160 Gy to 90% isodose line (before American Association of Physicists in Medicine Task Group No. 43 formalism), whereas high-risk patients received 110 Gy to the prostate followed by EBRT of 45 Gy to the pelvis 2 months after brachytherapy.
ADT. ADT was not recommended for lowrisk patients. Patients with moderate to high intermediate-and high-risk were considered candidates for combined ADT and radiotherapy. Additional ADT was based on risk category, with high-risk patients receiving up to 24 months in total. Gonadotropin-releasing hormone agonists (goserelin acetate or leuprolide acetate) were the drugs used for ADT. A nonsteroidal anti-androgen (bicalutamide) usually was given for at least 2 weeks before administration of the first dose of gonadotropin-releasing hormone agonist in patients at risk for the flare phenomenon. 13 A few patients chose orchiectomy to circumvent the high cost of medical castration.
Follow-Up
After completion of treatment, patients were followed with physical examination and serial PSA screenings every 3 to 6 months for the first 2 years or every 6 to 12 months on the basis of their risk profile. Biochemical failure was defined using the Phoenix definition (PSA nadir + 2.0 ng/mL).
14 Patients lost to follow-up were reached by telephone when feasible to update survival data.
Statistical Analysis
Clinicopathologic and demographic characteristics of the study cohort were described using descriptive statistics. The χ 2 and Fisher's exact tests and Mann-Whitney U test were used to assess the association between NCCN-defined risk criteria and various patient-and treatmentspecific factors. Methods of survival analysis also were used to calculate the risk of bDFS on the basis of important clinical characteristics. Both unadjusted and adjusted Cox proportional hazards regression models were used to obtain associated hazard ratios (HRs) for the bDFS end point. Variables used in univariable analysis and multivariable analysis were clinical stage, GS, PSA category, age at presentation, and radiation therapy delivery modality. In addition, KaplanMeier method was used to evaluate 5-year bDFS differences, and log-rank test P value was used to assess the difference within the strata of comparison groups. Finally, HRs and 95% CIs were reported. Analyses were performed using SAS 9.4 statistical software (SAS Institute, Cary, NC).
RESULTS
A total of 1,074 patients with PCa were analyzed to determine their disease characteristics and treatment patterns. An upward trend was found in the number of referrals to NCRNM over a 14-year period ( Fig 5) . overall survival rate was 96% (IQR, 93% to 98%), whereas the bDFS rate within the strata of NCCN-defined low-, intermediate-, and high-risk patients was 95%, 70%, and 48%, respectively (P = .01; Fig 6) . Compared with patients with a GS of 6, a significantly lower bDFS was found in the multivariable Cox proportional hazards model for patients with a GS of 7 (HR, 1.85; 95% CI, 1.03 to 3.30; P = .03) and GS ≥ 8 (HR, 3.91; 95% CI, 1.96 to 7.79; P < .001; Table 3 ).
DISCUSSION
In our institution-based review of > 1,000 patients with PCa, the median age at presentation with localized disease was 66 years and 68 years for those with metastatic disease. Most patients had high-risk or metastatic disease (74.6% of all patients). The median PSA at presentation with localized disease was 25 ng/mL, and the use of brachytherapy was strikingly low among patients who presented with high-risk disease. Orchiectomy frequently was used for the purposes of androgen suppression among patients who presented with metastatic disease.
PCa remains a significant global public health concern, with improvement in treatment outcomes raising concerns about overtreatment in patients with indolent disease who will not benefit from therapy but rather, would suffer longterm adverse effects as a result of therapy. 15 The prevalence of PCa is considered low in Ghana; however, researchers have questioned this assertion. 2, 4, 16 In a population-based screening study, Hsing et al 4 showed that prevalence rates among men in Accra, Ghana, are comparable with US black men. This discrepancy likely is due to the inaccurate population-based estimates in GLO-BOCAN, particularly on the African continent where resources for rigorous data reporting are limited.
The NCRNM saw an increasing number of PCa referrals, with a significantly larger proportion of patients presenting with either high-risk disease or metastasis, during the period under review. These increases may reflect increased awareness of PCa, with more patients seeking treatment at the center. The greatest benefit of this increased awareness was evident in the number of patients who presented with intermediate-risk disease. However, the proportion of patients with high-risk and metastatic disease seen during this period remained steady (Fig 5) . SEER data on PCa indicate a downward trend in incidence and mortality in the United States since 2003, with a median age of 66 years and 91% with locoregional and 5% with metastatic disease at presentation for the period of 2007 to 2013. 17 Although these data share striking similarities with regard to age at disease presentation, the Ghanaian cohort had a fivefold excess of metastatic disease. Whether this finding is related to disease biology or other factors requires additional research. Data from a genome-wide association study reported that single nucleotide polymorphism 5q31.3 was associated with aggressive PCa subtypes in Ghanaian patients, which suggests that disease biology plays a role in aggressive PCa in men of African descent. 18 The findings from the current study show that patients present with PCa at a similar age in both the United States and Ghana, yet that Ghanaian patients often had more-advanced disease brings into focus the potential benefit for early detection through PCa screening programs for men in Ghana. Ghana has launched a cancer control program to reverse this trend in disease presentation, with an emphasis on opportunistic 6 jgo.org JGO -Journal of Global Oncology screening for PCa. 19 The issue of PCa screening has been met with much controversy over the past decade. PCa screening offered a significant PCa survival benefit of 21% and 44% in two trials conducted in Europe, whereas a contemporaneous trial in the United States reported no benefit. [20] [21] [22] However, a recent review that adjusted for the effect of PCa screening contamination in the control arm of the US trial found screening to offer similar survival benefit in the American trial as that in the larger European prospective study. 21, 23 The scope of PCa screening programs in at-risk populations needs to be redefined in light of these findings.
Specific challenges exist in treatment delivery. The first is cost burden. A large proportion of the patients who were candidates for curative radiation therapy did not return for treatment after their first visit or after initiating ADT. Patients pay out of pocket for screening, diagnosis, and treatment for PCa. A review of health care financing in Ghana indicates a favorable effect of universal and comprehensive health insurance schemes to limit out-of-pocket payment for health services on access to care. 24 In the absence of insurance schemes that cover the entire cancer care continuum, patients often wait until their symptoms worsen before presenting to health care facilities for diagnosis and treatment. 25 This phenomenon explains the high proportion of patients who presented with symptomatic metastatic disease and who overwhelmingly opted to have orchiectomy (a less-expensive option) rather than ADT. Conversely, medical castration was overwhelmingly used to achieve androgen suppression among patients with localized disease ( Table 1) .
The curative radiation treatment regimen with or without hormonal therapy closely adhered to the recommended NCCN risk-adapted treatment guidelines. Most patients with NCCNdefined high-risk status received a combination of hormone therapy and EBRT. Nine patients classified as having NCCN high-risk disease received brachytherapy. These patients only had borderline high-risk PSA values or a focus GS of 5 and were assessed to have low-volume disease confined to the prostate. This reflects the occasional practice of individualized treatment decisions on the basis of unique patient characteristics. Indication for ADT in low-risk patients is to downsize large prostate volumes to 30% to 40% before LDR in consonance with American Brachytherapy Society guidelines for transrectal ultrasound-guided LDR.
26-28
The second challenge is radiation dose escalation. The median EBRT treatment time of 59 days for a 7.5-week schedule is commendable with consideration of delays that may have been occasioned by acute toxicity and downtime on a single treatment unit. The bDFS rate for high-risk patients, mainly those who underwent EBRT, at 5 years (48%) seems inferior to that reported for a high-risk cohort (57% at 5 years) in a dose escalation trial that treated patients in the escalation arm to 74 Gy over 7.5 weeks, with a shorter course of ADT (3 to 6 months) given in the neoadjuvant setting. 29, 30 Although we cannot draw a direct comparison between these two studies, heavier disease burden in our cohort, as evidenced by higher median pretreatment PSA (25 v 12.8 ng/mL) and a lower achievable median dose of 72 Gy with Co-60 technology, may account for this observation. PSA at presentation, clinical T stage, and GS were predictive of bDFS on univariable analysis; however, only GS and PSA at presentation remained significant on multivariable analysis. Brachytherapy did not predict bDFS, even among the high-risk subset, which likely is due to the low proportion of highrisk patients who received brachytherapy coupled with a short follow-up period, particularly for brachytherapy-treated patients. This finding also speaks to the high attrition rate of surveillance programs after treatment completion, which made the true measurement of the role of predictors of disease outcomes in our study challenging.
Significant infrastructural improvement at NCRNM has occurred in recent years. New 100-cm source-to-axis distance Co-60, conventional simulator, and high-dose-rate Co-60 source brachytherapy units are operational. In addition, a 6-MV teletherapy unit capable of imageguided and arc therapy is near commissioning. Improved conformal radiation treatments and dose escalation with arc and intensity-modulated radiation therapy capabilities are envisaged with these upgrades and expected to translate to durable disease control and patient survival. However, these benefits can only materialize if patients present early for treatment. 31, 32 This work has some limitations. First, it was a retrospective study from a referral center subject to selection for patients with access to facilities with expertise to make a PCa diagnosis and referral for treatment. Second, cost and distance may have prevented some patients from accessing the center. Third, predominantly grade 2 with some grade 3 genitourinary late treatmentrelated adverse effects were documented among 10.2% of treated patients, with no report of GI toxicity. However, this rate may not be representative of all toxicity because it was not collected in a structured format, and a significant number of patients were lost to follow-up. Finally, incomplete data at the time of review accounted for unknown entries in the data summary tables. Despite these limitations, this study offers an insight into PCa at presentation and treatment outcomes in this patient population.
Significant improvement in delivering standardof-care treatment to patients with PCa at NCRNM has been achieved over the past decade. However, much more needs to be done to increase early PCa detection and treatment, remove barriers to access, maintain an institutional registry to better inform PCa policy, and explore the full potential of the center to further improve PCa outcomes in Ghana. The acquisition of modern therapy units offers these patients the opportunity to achieve more-durable disease control. Prospective and collaborative studies should be vigorously pursued to better understand the biology and outcomes of available standards of care in this understudied population of patients with PCa. jgo.org JGO -Journal of Global Oncology 
